Primary mesenchymal tumors of the colon are extremely rare tumors among soft tissue sarcomas. These tumors are more aggressive and have poorer prognosis than adenocarcinoma of the colon. Here, we presented 3 cases of primary mesenchymal tumors of the colon. Their histopathological diagnoses are leiomyosarcoma, pleomorphic liposarcoma, and desmoplastic small round cell tumor, respectively. The rarity of primary mesenchymal tumors of the colon makes it difficult to approach the treatment and predict the prognosis of these rare tumors.
INTRODUCTION
Primary mesenchymal tumors of the gastrointestinal tract are rarely seen, representing only 0.1%-3% of all gastrointestinal cancers. The most common histopathologic type is leiomyosarcoma. Other rare types, such as liposarcoma, malignant fibrous histiocytoma, synovial sarcoma, and desmoplastic small round tumor, are presented as case reports (1) . We herein reported 3 cases of primary mesenchymal tumors of the colon that are uncommonly seen and review the literature to notice these rare tumors' features, such as diagnosis, treatment, and prognosis.
CASE PRESENTATIONS

Case 1
A 66-year-old woman presented complaining of abdominal pain, fever, and a history of rectal bleeding. Her past medical history and family history were unremarkable. On physical examination, a solid non-tender mass was palpable in the upper left quadrant of the abdomen. Laboratory tests on admission were obtained. She had anemia (hemoglobin value: 8.8 gr/dL), increased serum level of lactate dehydrogenase (LDH:335 IU/L; range:125-243), high C-reactive protein level (CRP:30.2 mg/dL; range: 0-0.5 mg/dL), and normal tumor markers. A colonoscopy was performed, demonstrating an intraluminal lesion in the transverse colon ( Figure 1 ). Abdominopelvic computed tomography (CT) scans showed a 9x5.5 cm lesion located at the transverse colon, extending to the splenic flexure ( Figure 2 ). Further examinations for distant metastases were negative. The patient underwent a right hemicolectomy. Gross examination revealed an encapsulated, gray-whitish polypoid mass 4x3x3 cm in size, obliterating the colonic lumen. Histological examination showed that the tumor was composed of interlacing and parallel fascicles of spindle cells with pleomorphic and hyperchromatic nuclei between the necrotic areas ( Figure 3 ). Immunohistochemically, smooth muscle actin and muscle-specific actin staining were diffusely positive, whereas desmin, S-100, CD 117, and CD 34 staining was negative. More than 5 mitoses were counted in 10X high-power fields. Ki-67 labeling index was more than 90%. Pathological examination of the specimen revealed "high-grade leiomyosarcoma of the colon, " and there was no lymph node involvement. After surgery, adjuvant ifosfamide plus doxorubicin chemotherapy was given because of the high grade and high proliferation index; 33 months after the chemotherapy, the patient was well without evidence of disease. The written informed consent was obtained from the patient.
Case 2
A 56-year-old man was admitted to the hospital suffering from abdominal pain and diarrhea. He had neither a significant past medical history nor a family history. The blood tests (cell count, blood chemistry, and tumor markers) were normal in the reference range. A total colonoscopy demonstrated a polyp at the ascending colon, and abdominopelvic CT revealed an approximately 7-cm-sized enhancing solid mass, located in the ascending colon (Figure 4 ). He underwent extended right hemicolectomy. Further examinations were negative for metastatic disease. Macroscopic examination revealed a gray-yellowish solid mass, measuring 9x4x4 cm. In the microscopic examination, there was a proliferation of pleomorphic spindle-shaped lipoblasts with atypical, multivaculated, and hyperchromatic nuclei. Four mitoses were counted in the 10X high-power field. Immunohistochemically, S-100 was diffusely positive and smooth muscle actin (SMA), muscle-specific actin, desmin, glial fibrillary acidic protein (GFAP), CD 117, and CD 34 staining was negative. Ki-67 labeling index was more than 50%. Pathological examination of the specimen revealed "pleomorphic liposarcoma of the colon" ( Figure 5 ). Although adjuvant chemotherapy and radiotherapy were recommended, the patient did not accept. After 12 months, the patient had recurrence of the disease. Abdominopelvic CT demonstrated a recurrent solid mass 4 cm in size at the ileocecal junction, invading the ureter, which caused hydroureteronephrosis. No metastasis was detected. Partial small bowel resection was performed. Pathological examination revealed "de-differentiated liposarcoma. " He had six cycles of ifosfamide plus doxorubicin chemotherapy. Thirty months after chemotherapy, there was neither recurrence nor metastasis. The informed consent was given by the patient.
Case 3
A 49-year-old woman experienced abdominal and lower back pain. An abdominal computed tomography showed a slightly enhancing solid mass, multiple metastatic lesions in the liver, and peritoneal metastases ( Figure 6 ). Because of bowel obstruction, she underwent right hemicolectomy and omentectomy. Macroscopically, the tumor was approximately 20 cm in Case Report size, and peritoneal dissemination was present. Microscopic examination revealed small round tumor cells with central, hyperchromatic nuclei and scant eosinophilic cytoplasm, involving the submucosal, mucosal, and subserosal layer of the colon. Immunohistochemically, desmin and vimentin showed paranuclear dot-like pattern positivity; smooth muscle actin, cytokeratin 20, Wilms tumor (WT-1), S-100, CD 117, and CD 34 staining was negative. Ki-67 labeling index was approximately 40%. Pathological examination of the specimen revealed "desmoplastic small round cell tumor of the colon" (Figure 7 ). After six courses of chemotherapy (vincristine, cyclophosphamide plus doxorubicin), abdominal computed tomography showed a partial response in the liver mass. The chemotherapy was continued as three cycles of vincristine, cyclophosphamide, and actinomycin. Eighteen months after diagnosis, the patient died from an acute purulent cholangitis. The written informed consent was obtained from the patient while she had chemotherapy.
DISCUSSION
Primary mesenchymal tumors of the colon are a rare and heterogeneous group. Leiomyosarcoma arises from the blood muscles and smooth muscles of the muscular layer of the colon, whereas liposarcoma originates from adipose tissue. Desmoplastic small round cell tumors also arise from the mesothelium and demonstrate mesenchymal epithelial and neural differentiation. Like mesenchymal tumors of the extremities or intraabdominal locations, tumor size, mitotic count, and presence of necrotic area are the most important prognostic factors (1-3). The symptoms of these rare tumors are based on tumor size and location of the tumor. Abdominal pain, rectal or intraabdominal bleeding, weight loss, constipation, diarrhea, bowel obstruction, tenesmus, anorexia, and fever are the most common signs and symptoms on presentation (1,3). The optimal diagnostic approach and treatment for primary mesenchymal tumors of the colon have not been defined due to the small number of published cases.
Leiomyosarcoma of the colon is an infrequent tumor that can cause intraluminal or extraluminal obstruction or perforation. Leiomyosarcoma occurs especially in young adults, but in older adults, the mean age of diagnosis is 50 years. The diagnosis can be established after surgery, because there is no specific symptom or diagnostic examination (4). On pathological examination, the histological grade, determined by the number of mitotic figures per field, is the most important criterion for leiomyosarcoma diagnosis. The c-KIT determination is negative, unlike gastrointestinal stromal tumors, whereas the immunohistochemical examination is positive for actin, vimentin, and desmin. Leiomyosarcoma is an aggressive tumor with a high local recurrence rate as well as significant hematogenous spread. A treatment protocol has not been established because of a lack of prospective randomized clinical trials. After complete resection, the most common treatment approach is anthracycline-based adjuvant chemotherapy for patients with large tumor size and high-grade tumors (1, 3, 5) . Radiotherapy is a less effective treatment in leiomyosarcoma of the gastrointestinal tract. However, it has been reported that leiomyosarcoma can develop after radiotherapy (6) . Herein, we presented a leiomyosarcoma of the colon, in which the patient was given anthracycline-based chemotherapy because of high grade.
Liposarcoma is a common sarcoma of the soft tissues in adults, and it occurs most commonly in the extremities and retroperitoneum. Liposarcoma rarely involves the gastrointestinal tract, and a primary liposarcoma of the colon is extremely uncommon. The prognosis of primary liposarcoma of the colon is not known. However, the pleomorphic type is a high-grade tumor and has a high mortality rate (7). Some important factors have Case Report Figure 5 . a-c. Pathological examination shows lipoblasts with atypical, multivaculated, and hyperchromatic nuclei among the pleomorphic spindleshaped cells (H&E X200 magnification) (a). After 1 year, small bowel resection material was infiltrated with de-differentiated tumor cells, predominantly spindle mesenchymal cells (H&E X100 magnification) (b), positive immunostaining with S100 (DABX200) (c).
a b c Figure 6 . Abdominopelvic CT shows multiple metastases in the liver.
been shown as poor prognostic factors. These are age >45 years, presence of round cells, necrotic areas within the mass, and dissemination of the disease (8) . Because very few cases of primary liposarcoma of the colon have been published, optimal treatment strategies have not been established yet.
However, complete surgical resection should be performed. Neither radiotherapy nor chemotherapy has been shown to be as effective as standard therapy, but doxorubicin-based chemotherapy has been suggested for liposarcoma with high risk of relapse (9-11). The present case was a pleomorphic liposarcoma, in which the patient accepted no adjuvant therapy and had recurrence of the disease. After re-resection, doxorubicinbased chemotherapy was given.
Desmoplastic small round cell tumor is an aggressive malignant neoplasm that usually occurs in adolescents or young adults. Most tumors are confined to the abdomen. Microscopically, nests of small round cells within a desmoplastic stroma are observed. Immunohistochemical staining can show evidence of epithelial, myogenic, and neural marker expression. The tumor cells are strongly positive for keratin epithelial marker antigens, desmin, vimentin, and neuron-specific enolase, corresponding to pleomorphic differentiation and characteristic of desmoplastic small round cell tumor. The cell of origin remains unknown, but it is speculated that these tumors arise from the serosal lining cells. A specific chromosomal translocation, t (11; 22) (p13; q12), has been documented in desmoplastic small round cell tumor and is increasingly used to confirm the diagnosis (12, 13) . In our case, we could not perform the specific chromosomal translocation. Histologically, tumor cells consisted of small round-to-oval cells with paranuclear dot-like pattern expression of desmin. Because of metastatic disease and low performance status, we could not give intensive chemotherapy. After chemotherapy, metastases in the liver were decreased, but the patient died. It is known that the response of desmoplastic small round tumors to conventional chemotherapy is poor and that these tumors have high mortality rate (14, 15) .
In conclusion, leiomyosarcoma, liposarcoma, and desmoplastic small round cell tumor of the colon are rare but aggressive neoplasms with poor prognosis. Complete surgical resection has been suggested, if it can be performed. The location of these tumors in the colon suggests gastrointestinal stromal tumor (GIST). Immunohistochemically, SMA, desmin, vimentin, S-100, neuron-specific enolase, CD34, and CD 117 should be used in the differential diagnosis of primary mesenchymal tumors. In GITs, S-100, neuron-specific enolase, CD34, and CD 117 are generally positive, whereas desmin and SMA are negative. Nonetheless, SMA and desmin are usually positive in primary mesenchymal tumors, but CD 117, CD34, S-100, and neuronspecific enolase are negative (16) . Treatment protocols of primary mesenchymal tumors have not been established yet. The collection of a larger number of case studies is needed for the definition of guidelines for the management of these rare tumors.
Ethics Committee Approval: N/A.
Informed Consent: Written informed consent was obtained from patients who participated in this case.
Peer-review:
Externally peer-reviewed. 
